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ABSTRACT OF THE THESIS
Recognizing a Dysfunctional Swallowing Pattern Using
Surface Electromyography (sEMG)
by
Michelle F. Couto
Master of Science, Graduate Program in Orthodontics and Dentofacial Orthopedics
Loma Linda University, September 2008
Dr. James Farrage, Chairperson

Purpose: The purpose of this study was to determine if a surface
electromyography (sEMG) assessment of swallowing is better at identifying Oral
Muscular Dysfunction (OMD) than a clinical evaluation (observation & digital palpation)
of swallowing. The assessment was conducted on children ages 9 to 17, who were
patients at the Orthodontic Department at Loma Linda University, School of Dentistry.
Additionally, the prevalence of a “perceived” swallowing dysfunction was assessed.
Methods: This study included 39 randomly selected subjects from the orthodontic
patients at Loma Linda University. Each subject’s “dry” swallow was evaluated using
two separate methods: (a) sEMG and (b) digital palpation of the masticatory muscles
(clinical analysis). A comparison was made on the specificity of recognizing a
dysfunctional swallow between the two methods. Ranks were assigned to each subject
based on three separate parameters for each method. A two-sampled binomial test at a
significance level of a=0.05 was used to test if sEMG is better at identifying OMD.

x

Results:
1. Both the sEMG module and the clinical analysis detected with equal accuracy the
contraction of the masseter muscles and the suprahyoid muscles during an active
swallow,
2. The procedures were equally accurate in detecting the timing of the onset of
activation/contraction between right and left masseter muscles.
3. Both procedures detected asymmetric masseter contraction/amplitude with equal
accuracy.
Conclusions:
1. There was no statistically significant difference between the sEMG analysis and the
clinical analysis in recognizing a dysfunctional swallowing pattern.
2. An sEMG assessment of a patient’s swallowing pattern appears to be clinically
significant, because of the additional information made available to the practitioner via a
graphic representation of the patient’s muscular patterns.
3. Approximately 70 percent of the orthodontic patient population at Loma Linda
University, as represented by this sample, present with OMD.

xi

CHAPTER ONE
INTRODUCTION

It has been widely accepted that Oral Muscular Dysfunction (OMD), commonly
referred to as “tongue thrust,” frequently adds complexity to treating and stabilizing a
malocclusion. This non-physiologic function of the tongue has been considered to be an
important etiological factor contributing to malocclusions.

1,23.4,5

An ongoing debate addresses various facets pertaining to OMD and the need for
therapy. 1,6,7,8 Orthodontists may ignore the correction of this habitual disturbance prior to
fixed orthodontics and instead accept the dysfunction, which may prevent the
establishment of an ideal finish or reduce the stability of the treatment result.
The diagnosis, severity and the need for orthodontic intervention (treatment) of a
dysfunctional swallow (tongue thrust) have proven to be very difficult to establish.
Consequently, the need for OMD diagnosis and the need for “awareness training” as a
means of controlling the dysfunction have not been widely accepted.
If the importance of recognizing the dysfunction can be established and an
improved method for diagnosis can be found, the implementation of “awareness training”
may be more widely accepted.
Surface Electromyography (sEMG) has been and is currently being used for
neuromuscular rehabilitation in fields such as neurophysiology, muscle fatigue analysis
and clinical diagnosis.9 A comprehensive computerized sEMG module developed by
Johnson & Johnson Inc. aids in diagnosis and controls swallowing dysfunction via a
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computer cognitive training protocol. The information obtained using this program is
proposed to aid in the diagnosis and treatment of OMD.

Purpose of Study
This study was designed to determine if an sEMG assessment of swallowing is more
efficiently diagnostic in identifying Oral Muscular Dysfunction (OMD) than is a clinical
evaluation (observation and digital palpation) of swallowing. Additionally, the
prevalence of a “perceived” swallowing dysfunction among the subjects studied was
assessed.
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CHAPTER TWO
REVIEW OF THE LITERATURE

Tongue Thrust / Swallowing Dysfunction
The tongue has important effects on the growth and development of the jaws and
the maintenance of occlusion. It is an important organ contributing to deglutition,
speech, growth and development of the jaws and alignment of teeth in occlusion.10 The
effect of the tongue on growth of the jaws and development of the occlusion is a result of
its pressure on the teeth and other areas during rest and function.10 The environment of
the teeth and the alveolar bone includes conflicting forces and pressures, primarily from
muscular function, which in turn determine tooth position. 3,4,5,6,11
The existence of tongue thrust in atypical swallowing patterns has been
recognized for a long time; however, little research has been conducted in this area.
Abnormal tongue function and posture are factors that have been discussed as probable
causes of some types of malocclusion. Desirabode's 1843 article8 is the first known
reference to the fact that the lips on the outside and the tongue on the inside of the mouth
constitute a balance of forces that retain the teeth in their position. Tweed acknowledged
that abnormal muscle function was a major factor in relapse. He advocated treatment
seeking to overcome the “perverted” muscle and tongue habits. 1,2
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As early as 1906 Angle acknowledged thatl2“ we are just beginning to realize
how common and varied are the vicious habits of the lip and tongue, how powerful and
persistent they are in causing and maintaining malocclusion, how difficult they are to
overcome and how hopeless is success in treatment unless they are overcome.”
Swallowing is an inherent and frequent part of life. The average person swallows
approximately 1,500 times a day.4 Consequently, a dysfunctional swallow may affect the
occlusion, impede orthodontic treatment and reduce the long-term stability of the finished
occlusion:
In order to better understand swallowing dysfunction, it is essential to
differentiate between two types of swallowing patterns: (a) dry swallowing and (b)
alimentary swallowing.
Dry swallowing is the spontaneous swallowing of saliva. Upon exhaling, the
muscles of mastication (particularly the masseter, medial pterygoid and the temporalis)
bring the teeth into maximum intercuspation. The tongue then approximates the hard
palate, followed by the swallowing of saliva. The tongue and the muscles of mastication
then relax and the teeth come apart at rest. Maximum intercuspation during swallowing
maintains the occlusal harmony, stabilizes the mandible, and is required because the
volume of saliva is an insufficient trigger for a swallowing reflex. 1,2
Alimentary swallowing is the swallowing of either a bolus of food or liquid. The
tongue creates a tight seal in the oral cavity while the bolus is transported to the pharynx
and esophagus. In this pattern of swallowing, tooth contact is not required because the
quantity of the bolus alone is enough to trigger a swallowing reflex; however, the
muscles of mastication are still required to stabilize the mandible during the active
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swallow. The tongue again approximates the palate, and its movement is in an anterior to
posterior direction. 1,2
An abnormality in swallowing has been described in various ways, such as
'deviate swallow,' 'infantile swallow,' and 'abnormal swallow'.1,2,4 The term ‘tongue
thrust’ has been frequently adopted, since it gives a more accurate description of the
lingual behavior that occurs.
Subtelny13 described such an abnormality in swallowing in terms of lip and
tongue activity. His description contained the following factors: (a) lip (circumoral)
contraction, (b) failure of the buccal segments or molars to contact (the teeth remain
apart), and (c) tongue protrusion between the incisors and/or buccal teeth during the act
of deglutition.
Tongue thrust has been classified as a type of malfunction, where during
swallowing the tongue is positioned anteriorly and “thrusts” forward with pressure
behind and between the anterior teeth.14 This abnormal pressure can occur during speech
and in the rest position. 14,15
Four tongue thrust patterns have been recognized:16 (a) The tongue may rest
against the anterior teeth, (b) the tongue may rest against the anterior and posterior teeth.
(c) the tongue may rest either unilaterally or bilaterally, and (d) the tongue may rest
between gaps or spaces between the teeth.
A tongue thrust is clinically significant if it contributes to the development of a
malocclusion. Studies of tongue and lip pressures suggest that the pressure created at rest
may have a greater influence on the dental arch form and tooth position than a tongue
thrust that occurs during functional behaviors. 1,8,10,17 It is common knowledge that very
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low forces are sufficient to move teeth if applied over a sufficient period of time;
therefore, the pressures exhibited during rest would likely have a greater effect on the
occlusion than those pressures produced during swallowing. 4,5,6
Profitt18 reasons that thrusting the tongue forward during swallowing does not
affect tooth movement; however, “tongue posture” may affect the occlusion. The
increased frequency or duration of tongue pressure on the dentition due to a forward
‘tongue posture’ is thus a probable cause of malocclusion.
It has been estimated that tongue thrust during mixed dentition occurs in 39 to 80
percent of the population in the United States; this prevalence may decrease with the
eruption of permanent teeth. 19,20

OMD Etiology
There is currently no agreement on the etiology of OMD. 1,2,7,8 It is likely that age,
environment, genetics and oral habits influence the occurrence and relative incidence of
tongue thrust. 1,2,7,8
Habits and upper respiratory conditions have consistently been thought to be
major contributors to tongue thrusting. Forward head posture (due to respiratory
ailments), a sucking habit with a corresponding anterior open bite that is maintained by
an anterior tongue thrust to achieve a seal during swallowing, and low tongue posture are
all plausible etiological contributors. 15,18,21
Subtelny13 proposed that in the early mixed dentition, tongue thrust could be an
adaptation of the tongue to its environment, such as protruding where incisors are
missing. Some authors have attributed tongue thrusting to imbalances in nerve control,
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whereas others attribute it to skeletal growth deficiency (suggesting that the lack of ramus
growth and high mandibular plane angles make it difficult for the tongue to have palatal
contact).22
Straub1’2’23,24 attributed OMD to improper bottle-feeding, since nipples with large
holes would force infants to thrust their tongue forward to stop the excessive flow.
Hanson and Cohen3 studied 178 children over a four-year period and concluded that both
form and function may contribute to the persistence of tongue thrusting as well as to the
development of a malocclusion.
The clinical consequences of OMD lie in whether the “tongue thrust” maintains,
causes, contributes to, or is a consequence of the development of a malocclusion. 12,17
Few practitioners diagnose this dysfunction, which may prevent the establishment
of an ideal finish, as well as wreck havoc with the existing occlusion once the brackets
have been bonded. To diagnose “tongue thrust,” many practitioners appear to rely on a
clinical analysis of the patient’s swallowing pattern. The clinical analysis is based upon
digital palpation of the muscles of mastication and visual observation of the muscles of
facial expression and the tongue during swallowing. This analysis, however, relying as it
does on tactile sensation and visual acuity, becomes very subjective, producing wide
variance among examiners.

Surface Electromyographyn (sEMG)
Electromyography (EMG) has been shown to be a valuable tool in monitoring
muscle activity; it records electrical current produced as a direct consequence of cell
membrane depolarization when the muscle fibers contract. 22,25,26 During relaxation, the
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polarization across a cell membrane is negative inside and positive outside the cell. Upon
stimulation, this resting potential is disrupted, reversing these charges. If the threshold is
reached, an action potential is generated. 22,25,26
sEMG is a non-invasive, clinically diagnostic technique that accurately measures
the duration and amplitude (range and voltage) of muscle activity during function. It
provides a simple and reliable method for the evaluation of swallowing, and the data
recorded provides information concerning the duration and amplitude of muscle activity
during deglutition. 25,26,27 Therefore, surface electromyography provides a means to
analyze the complex muscle sequence during deglutition.
It has been proposed that more than 20 muscles contribute to each swallow, in a
careful, coordinated sequence, including the masseters, anterior temporalis, medial
pterygoids and suprahyoid muscles. 25,27,28 Sequential activation of these muscles during
deglutition has been observed using surface electromyographic recordings.

25,26,27

These

recordings have demonstrated a sequential activation from superior to inferior muscle
groups. The masseter EMG amplitudes have been shown to increase above the base line
(pre-swallow) at the initial phase of swallowing before the suprahyoid EMG onset. The
masseters were also shown to terminate after the suprahyoid muscles terminate. 25,26,27,28,29
Jarabak28 conducted an electromyographic study on the differences in muscle
firing patterns between two subjects, one with normal occlusion and the other with
excessive inter-occlusal space resulting from a cleft palate. While the subjects followed
instructions to perform various chewing exercises, several electromyographic recordings
were made. During mandibular closure, the subject with normal occlusion exhibited
synchronous contraction of the masseter and temporalis muscles. The subject with
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excessive inter-occlusal space displayed asynchronous muscle firing patterns with the
temporalis firing ahead of the masseter muscles. When the excessive inter-occlusal
space was reduced to three millimeters, muscle synchrony was restored. Studies have
shown that the temporalis muscles guide the mandible as the masseter muscles provide
power. Synchronous contraction of the masseters and temporalis muscles enables an
efficient chewing pattern. 26,27,28,30
Gupta et al27 tracked the pharyngeal phase of swallowing using sEMG. Subjects
were monitored as they performed “dry” and “wet” swallows. Surface electrodes were
positioned on their throats; the results showed no statistically significant difference
between the two types of swallows. Despite this result, Gupta et al27 found that the
sEMG method of recording proved to be more effective at studying various deglutition
patterns than had previous methods of studying muscle function. This was likely due to
increased objectivity and feasibility.
Crary and Baldwin9 utilized sEMG to observe muscle activity in patients with
dysphagia secondary to brainstem stroke. Perioral, masseter and infrahyoid muscle
activity was monitored at baseline, during spontaneous swallowing and during food
swallowing. Assessments were based on amplitude, duration, and coordination of
muscle activity. It was concluded that dysphagic subjects produced more muscle activity
over a shorter duration with decreased coordination in comparison to asymptomatic
controls.
Electromyography has also been used to record the activity of the muscles of
mastication and the perioral lip muscles during swallowing in patients with anterior
openbites prior and subsequent to orthodontic treatment. It was concluded that during
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swallowing the anterior openbite patients exhibited larger sEMG activities of the perioral
muscles and smaller EMG activity of the muscles of mastication during deglutition.
Conversely, during maximum intercuspastion, major sEMG activity of the masseter and
temperalis muscles was recorded.31,32 Without proper occlusal contact, the masseter’s
sEMG pattern does not perform with the same intensity, activation, latency, or sustained
isometric contraction as it does when the teeth contact.31,32

For this reason, sEMG

monitoring of swallowing is very specific in evaluating the coordination of maximum
intercuspation in the spontaneous dry swallow. 31,32
Occlusal stability has also proven to be very important in promoting coordinated
muscle activity and muscle balance. Ramfjord33 followed 32 TMJ patients over three
years and concluded that complete occlusal adjustment promoted muscle harmony. He
showed that occlusal discrepancies generated muscle disharmony mainly in deglutition.
while occlusal stability encouraged muscle balance. Muscle harmony, occlusal stability,
and sequential firing of the masticatory muscles during deglutition have been shown to
foster muscular balance and maintain a healthy environment.
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CHAPTER THREE
MATERIALS AND METHODS

Patient Selection
Thirty-nine consecutive patients at Loma Linda University (LLU) School of
Dentistry were evaluated. The subjects were selected based on the following criteria: (a)
children ages 6 through 17, (b) male or female, and (c) no current or past orthodontic
treatment. Twenty-four of the subjects were female and 15 were male with ages ranging
from 8 to 17 years of age.
Each subject was assessed for Oral Muscular Dysfunction (OMD) using two
methods: (a) an sEMG analysis and (b) a clinical analysis.

Data Collection
Surface Electromyography Module (sEMG) Protocol
Each subject’s swallowing pattern was evaluated using a multi lead surface
electromyography unit. (The equipment was manufactured by Johnson & Johnson Inc.,
Seattle, Washington, and the software was developed by Dr. Robert Grove.) One sEMG
technician performed all 39 computerized swallowing assessments.
The sEMG module was used to assess and record muscle activity at rest and
during function. The muscle groups examined in the study were (a) the masseters, and
(b) the supra hyoid muscle group (the platisma, the anterior digastric muscles and the
suprahyoid).
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These muscles were selected because they have been demonstrated to be involved
in the oral and pharyngeal phases of swallowing. They are also superficial and easily
recorded by the sEMG module.
Myoelectric activity was monitored from individual surface electrodes to three
corresponding muscle sites producing corresponding line colors on the computer screen:
(a) left masseter - black line, (b) right masseter - red line, and (c) supra hyoids - gray
line, with an interposed yellow line when this muscle is dominant.
The electrode locations were as follows: (a) Two electrodes were placed on the
subject’s masseter muscles on each side (four total electrodes) at the site of the greatest
bulge of the masseters while in maximum intercuspation (evaluated and palpable upon
clenching); (b) two electrodes were placed below the body of the mandible on the
suprahyoids, straddling the midline, with a respiration belt placed around the chest of the
subject, and (c) two sensors were attached to the subject’s wrists to measure the patient’s
pulse in coordination with muscle sEMG activity.
The bandwidth evaluated was between 0 and 100 Hz. A 24-second recording
provided enough time for at least one active swallow. The monitoring device sent the
muscle activity data to a personal computer through a high-speed serial DMA (direct
memory access) interface. Muscle activity was monitored in real-time across the
computer screen.
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sEMG Data Collection
All subjects were evaluated using the following protocol. Each evaluation took
approximately two minutes. First, a base line was assessed to aid in establishing each
individual’s resting potential (the subject’s self-perceived relaxation). For each muscle
group, the ideal sEMG values for each muscle are less than 5piV. This aided in
calibration of the module between subjects. Second, the subject was asked to perform
voluntary, single swallows of saliva (dry swallowing).
An sEMG technician evaluated each sEMG recording, illustrated in Figure E
Each muscle was evaluated independently and in conjunction with the others to evaluate
timing and symmetry. The swallowing patterns of each muscle group were analyzed
based on the onset and peak of muscle activation on swallowing.
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FIGURE 1. Example of an sEMG muscle pattern recording, of an
ideal swallowing pattern.
The red line corresponds to the right masseter muscle and is
illustrated here as resting at base line prior to its activation during
swallowing. The black line corresponds to the left masseter muscle
and is illustrated here to be resting at base line prior to its activation
during swallowing. The grey line corresponds to the suprahyoid
muscle group that is also resting at base line prior to its activation
during swallowing. During swallowing, both the right and left
masseter muscles fire concurrently to approximately 50 hertz in a
coordinated sequence to the same peak amplitude. Both right and left
masseter muscles also offset/discharge at the same time. During
swallowing, the suprahyoid muscles fire after the masseter muscles,
and this is represented by the grey line contained within the red and
black masseter lines. The suprahyoid muscles are not hyperactive
during swallowing, which is evident by the absence of a yellow
highlighted area as well as by the peak amplitude of the suprahyoids,
which is less than that of the masseters and contained within that of
the masseter muscles,
In addition, the masseter muscles
offset/discharge after the offset/discharge of the suprahyoid muscles.
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Three parameters were assessed from the recordings, (a) the timing of the firing
between the masseter muscles and the suprahyoid muscles during swallowing, sEMGTime-M&S. (Ideally, the masseter muscles should fire prior to activation of the
suprahyoid muscles on swallowing);.25,26,27,31 (b) the symmetry of muscle activity between
left and right masseters, sEMG-Time-MR&L, to determine if a difference occurs in the
timing of muscular activity. (The left and right masseter muscles should fire concurrently
on swallowing);.25,26,2731 (c) the amplitude of muscle activity between left and right
masseter muscles, which correlates to the contractibility of each masseter, sEMGAmplitude-MR&L. The left and right masseter muscle activity should show no greater
than a 20 percent difference in amplitude during maximum muscle contractibility on
swallowing.

Clinical Assessment Protocol
Each subject was also assessed via digital palpation of the masticatory muscles
and via visual observation of the muscles of facial expression during the act of
swallowing. One examiner performed each clinical assessment on all 39 subjects.
The subject’s swallowing pattern was observed for involvement of the muscles of
facial expression during swallowing. Involvement of the facial muscles during
swallowing has been shown to have a strong correlation with OMD. 19,2934 The examiner
concurrently digitally palpated the masseters as well as the suprahyoids bilaterally to
assess the timing of muscle activity during swallowing. The greatest bulk of the
examiner’s hand (when positioned in a fist-like manner) was placed on the subject’s
masseter muscles on the area of the greatest bulge, which was seen during active
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clenching. The examiners fifth digit of each hand was placed on the subject’s suprahyoid
muscles to assess the contraction of these muscles bilaterally during an active swallow.

Clinical Assessment Data Collection
The parameters assessed via digital palpation by the clinical examiner were
consistent with the parameters assessed via the computerized module (sEMG). These
included (a) the timing of the firing between the masseter muscles and the suprahyoid
muscles during swallowing, Clinical-Time-M&S. Ideally, the masseter muscles should
fire prior to activation of the suprahyoid muscles on swallowing; 25,26,27,31 (b) symmetry of
muscle activity between left and right masseters, Clinical-Time-MR&L, to determine if
there is a difference in the timing of muscular activity. (The left and right masseter
muscles should fire concurrently on swallowing);.25,26,27,31 and (c) contractibility of muscle
activity between left and right masseters, Clinical-Contractibility-MR&L. An appraisal
was made on the perceived muscle activity between left and right masseters.

sEMG & Clinical Assessment Comparisons
Comparisons between the sEMG and clinical swallowing assessments were made
based on the above three parameters, which included (a) the timing of firing (activity)
between the masseter and suprahyoid muscles, sEMG-Time-M&S versus Clinical-TimeM&S; (b) the difference in firing time between the right and left masseter muscles,
sEMG-Time-MR&L versus Clinical-Time-MR&L, and (c) the difference in firing
contractibility between the right and left masseter muscles, sEMG-Amplitude-MR&L
versus Clinical-Contractibility-MR&L.
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When assessing the first parameter (the timing of firing between the masseter and
suprahyhoid muscles on swallowing), the objective was to see the elevator muscles (the
masseters) precede the suprahyoid muscles during swallowing. Figure 2 demonstrates a
subject’s ideal coordination between the firing of the masseters and suprahyoid muscles.
Figure 3 demonstrates a swallowing dysfunction, with the suprahyoids preceding the
masseter muscles.
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FIGURE 2. sEMG muscle pattern recording of ideal muscular
coordination.
The red line corresponds to the right masseter muscle and is
illustrated here as resting at base line prior to its activation during
swallowing. The black line corresponds to the left masseter muscle
and is illustrated here as resting at base line prior to its activation
during swallowing. The grey line with the interposed yellow
highlighted area corresponds to the suprahyoid muscle group; it is
evident here that the suprahyoids are initially hyperactive prior to
swallowing. During swallowing, both the right and left masseter
muscles fire concurrently to approximately 50 hertz in a
coordinated sequence to the same peak amplitude. Both right and
left masseter muscles also offset/discharge at the same time.
During swallowing the suprahyoid muscles fire after the masseter
muscles; this is represented by the grey line contained within the
red and black masseter lines. The suprahyoid muscles are not
hyperactive during swallowing, which is evident by the absence of
the yellow highlighted area as well as by the peak amplitude of the
suprahyoids, which is less than that of the masseters and contained
within that of the masseter muscles. In addition, the masseter
muscles offset/discharge after the offset/discharge of the suprahyoid
muscles.
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FIGURE 3. sEMG muscle pattern recording of muscles that are uncoordinated.
This sEMG muscle recording depicts the activation of the suprahyoid muscles by
the grey line prior to right and left masseter muscle involvement/activation.
The red line corresponds to the right masseter muscle and is illustrated here as
resting at base line prior to its activation on swallowing. The black line
corresponds to the left masseter muscle and is illustrated here as resting at base
line prior to its activation during swallowing. The grey line with the interposed
yellow highlighted area corresponds to the suprahyoid muscle group; it is evident
here that the suprahyoids are initially hyperactive prior to and during swallowing.
During swallowing both the right and left masseter muscles fire concurrently in a
coordinated sequence to the same peak amplitude. Both right and left masseter
muscles also discharge at the same time. During swallowing the suprahyoid
muscles fire prior to the masseter muscles, which are represented by the grey line,
which fires (increases in amplitude) prior to both the red and black lines
(corresponding to both right and left masseter muscles). The suprahyoid muscles
are also hyperactive during swallowing, which is evident by the yellow highlighted
area as well as by the peak amplitude of the suprahyoids, which is greater than that
of the masseters. The amplitude/contractibility of the suprahyoid muscles at
approximately 60 Hertz is greater than the amplitude/contractibility of both right
and left masseter muscles, which is shown by the red and black lines to be below
33 hertz and contained within the yellow highlighted area corresponding to the
hyperactive suprahyoid muscles.
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If neither masseter was firing, a rank order of zero was given to the subject. If
one masseter was firing, but the other was not, a rank order of one was given to the
subject. If both masseters were firing, but the suprahyoid muscles preceded masseter
firing, a rank order of two was given. If ideal coordination was observed with the
masseters both firing and preceding the activation of the suprahyoid muscles, a rank order
of three was given. A rank order of three was considered optimum, whereas a rank order
of zero was considered poor.
The second parameter was assessed by observation of the right and left masseter
muscles. If both masseter muscles fired in conjunction during swallowing, ideal
coordination of the masseter muscles was noted and a rank order of three was given. If
neither masseter was firing, a rank order of zero was noted, whereas, a rank order of one
was noted if only one of the masseters was firing. If both masseters were firing but with
difference in their initial activation time, a rank order of two was given to the subject. A
rank order of three was considered to be ideal, and a rank order of zero was considered to
be poor. Figure 4 illustrates ideal coordination of masseter muscle activation during the
initial phase of swallowing, whereas Figure 5 illustrates masseter muscles which are not
coordinated during swallowing.

20

ioo

Swallow

OO -=3. o

Time (seconds)

FIGURE 4. sEMG muscle pattern recording, portraying left and
right masseter muscle coordination.
The red line corresponds to the right masseter muscle and is
illustrated here as resting at base line prior to its activation during
swallowing. The black line corresponds to the left masseter muscle
and is illustrated here as resting at base line prior to its activation
during swallowing. The grey line with the interposed yellow
highlighted area corresponds to the suprahyoid muscle group, and it
is evident here that the suprahyoids are initially hyperactive prior to
swallowing. On swallowing, both the right and left masseter
muscles fire concurrently to approximately 50 hertz in a coordinated
sequence to the same peak amplitude.

The third parameter assessed was the firing amplitude/contractibility between
right and left masseter muscles. Observations were made on the peak amplitude during
swallowing, noting differences between right and left masseters. A difference greater
than 20 percent between right and left masseters was considered to be non-ideal. Figures
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2 & 4 illustrate ideal masseter muscle symmetry (peak amplitude), whereas non-ideal
masseter involvement during the active phase of swallowing is illustrated in Figures 5
and 6.
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FIGURE 5. sEMG muscle pattern recording portraying left and right
masseter muscles that are uncoordinated.
The red line corresponds to the right masseter muscle and is illustrated
here as resting at base line; it is not recruited during swallowing (it does
not fire). The black line corresponds to the left masseter muscle and is
illustrated here as resting at base line prior to its activation on
swallowing. The grey line with the interposed yellow highlighted area
corresponds to the suprahyoid muscle group and it is evident here that
the suprahyoids are initially hyperactive prior to and during swallowing.
During swallowing the left masseter (black line) fires, which is evident
by an increase in amplitude, but the right masseter (red line) does not.
The left masseter during swallowing also fatigues, which is evident by
the decrease in amplitude of the black line during swallowing.
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FIGURE 6. sEMG muscle pattern recording portraying left and right masseter
muscles with different peak amplitudes. The right masseter muscle’s (red line) lack
of coordination with the left masseter muscle (black line), in regards to muscle
am pi i tude/contracti bi 1 i ty.
The red line corresponds to the right masseter muscle and is illustrated here to be
firing initially, prior to muscle relaxation/base line. The right masseter (red line) is
at base line prior to swallowing and during swallowing fires to amplitude just
below 67 Hertz. The black line, which corresponds to the left masseter, is
illustrated here to be active prior to establishing a base line /resting state and on
firing its amplitude is below that of the right masseter (red line). This difference
between right and left masseter muscle contractibility/amplitude is easily depicted
in this sEMG recording. The right and left masseter muscles, however, are co
coordinated during the onset of offset of swallowing, which is illustrated here by
the superimposition of the red and black lines on swallowing. The grey line with
the interposed yellow highlighted area corresponds to the suprahyoid muscle
group; it is evident here that the suprahyoids are initially hyperactive prior to
swallowing, but during swallowing the suprahyoid muscles show coordination
with the masseter muscles in that they fire after masseter muscle onset, offset prior
to the masseter muscles offset, and are contained within the masseter muscles’
swallowing pattern (their amplitude is not greater than that of the masseters and
there is no evidence of hyperactivity during swallowing shown here by the absence
of a yellow highlighted area during swallowing).

23

A rank order of zero was noted if neither masseter was firing, and a rank order of
one was noted if only one masseter was not firing during swallowing. A rank order of
two was observed if the masseters were asymmetrical versus a rank order of three if the
masseters were symmetrical (within 20 percent of their peak height). Table 1
summarizes the sEMG rank order categories for parameters 1, 2, and 3.

Table 1. sEMG assessment - rank order categories summarized.
A rank order 3 is considered optimum, whereas a rank order of 0 is considered poor. A
subject with a rank order of 0, 1 or 2 possesses a dysfunctional swallow whereas a subject
with a rank order of 3 has an ideal coordinated swallow
Rank Order 0

Rank Order 1

Rank Order 2

Rank Order 3

Neither Masseter nor
Suprahyoid Firing

Either Masseter or
Suprayoid not Firing

Suprahyoids Firing
Prior to Masseter
Onset

Masseters F iring
Prior to Suprahyoids
(Ideal Coordination)

Neither Masseter
Firing

One Masseter not
Firing

Both Masseters
Firing, but Not in
Coordination

Both Masseters
Firing in
Coordination (Ideal)

Neither Masseter
Firing

One Masseter not
Firing

Both Masseters
Firing, but With
Different Peak
Amplitudes

Both Masseters
Firing with the Same
Peak Amplitudes,
within 20% (Ideal)

PARAMETER 1
sEMG-TimeM&S
PARAMETER 2
sEMG-TimeMR&L
PARAMETER 3
sEMGAmplitudeMR&L

Identical parameters were assessed clinically via digital palpation with
corresponding rank order numbers assigned to each subject. When assessing the third
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parameter clinically, differences in masseter muscle contractibility were evaluated based
on the perceived asymmetry between left and right masseter activation on swallowing; a
numerical percentage was not assigned. Table 2 summarizes the sEMG rank order
categories for parameters 1, 2, and 3.

Table 2. Clinical assessment - rank order categories summarized
A rank order 3 is considered optimum, whereas a rank order of 0 is considered poor. A
subject with a rank order of 0, 1 or 2 possesses a dysfunctional swallow whereas a subject
with a rank order of 3 has an ideal coordinated swallow
Rank Order
1

Rank Order

Rank Order

0

2

3

Neither Masseter
nor Suprahyoid
F iring

Either Masseter
or Suprahyoid not
Firing

Suprahyoids
F iring Prior to
Masseter Onset

Masseters F iring
Prior to
Suprahyoids
(Ideal
Coordination)

Neither Masseter
Firing

One Masseter not
F iring

Both Masseters
Firing, but Not in
Coordination

Both Masseters
Firing in
Coordination
(Ideal)

Neither Masseter
Firing

One Masseter not
Firing

Both Masseters
Firing, but With
Different Peak
Amplitudes

Both Masseters
Firing with the
Same
Contractibility,
within 20%
(Ideal)

Rank Order
PARAMETER 1
Clinical-Time-M&S

PARAMETER 2
Clinical-Time-MR&L
PARAMETER 3
Clinical-ContractibilityMR&L

Statistical Analysis
The ranks assigned to each subject both clinically and via the sEMG evaluation
were then compared for each of the three parameters using a two-sampled binomial test at
a significance level of a=0.05 to examine the validity of the sEMG module in diagnosing
a dysfunctional swallow.
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Additionally, the 39 subjects’ sEMG muscle pattern recordings were classified as
either having a dysfunctional swallow or not in an attempt to assess the prevalence of a
dysfunctional swallow in the orthodontic population. An sEMG technician evaluated the
sEMG swallowing patterns on each subject, and the presence of a dysfunctional
swallowing pattern was identified if the suprahyoids fired prior to masseter muscle
activation/onset (firing).
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CHAPTER FOUR
RESULTS

Statistical Evidence
Parameter One (sEMG-Time-M&S vs. Clinical-Time-M&S)
The sEMG rank order results based on the onset of activation between the
masseter and suprahyoid muscles were compared to the corresponding assigned ranks of
the clinical evaluation. The ideal firing pattern of the masseter muscles prior to the
activation of the suprahyoid muscles was analyzed. There was no statistically significant
difference (NSD) between sEMG-Time.M&S vs. Clinical-Time-M&S. with p=0.5018.
The ability of the sEMG module to detect the premature activation of the
suprahyoid muscles prior to the contraction of the masseter muscles was also compared
to the corresponding assigned clinical rank order results. Again NSD was noted between
the sEMG module and the clinical assessment with p=0.5018.

Parameter Two (sEMG-Time-MR&L vs. Clinical-Time-MR&L)
Timing of the onset of activation between right and left masseter muscles
evaluated using the sEMG module was compared to the clinical assessment of masseter
muscle symmetry. The ability of the sEMG module to detect an increase in the
prevalence of masseter muscle asymmetry versus the clinical swallowing assessment was
not statistically significant with p=0.9332.
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Parameter three (sEMG-Amplitude-MR&L vs. Clinical-Contract!bility-MR&L)
Differences in right and left masseter muscle amplitude/contractibility were
analyzed to determine if the sEMG module was more selective in identifying a difference
in contractibility between right and left masseter muscles in contrast to the clinical
swallowing assessment. The sEMG module failed to statistically significantly detect
differences in masseter muscle contractibility more frequently than did the clinical
swallowing assessment with p=0.2009. Furthermore, the sEMG module was ineffective
at detecting an increase in the prevalence of masseter muscle dysfunction (not firing) as
opposed to the clinical assessment with p=0.3078. Tables 3 and 4 summarize the rank
order results for both the clinical and sEMG assessments in each of the three parameters.
Table 5 highlights the differences between the rank order results obtained by the two
assessments.
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Table 3. sEMG assessment rank order results for parameters 1, 2 and 3.
PARAMETER

Timing between Masseters and Suprahyoids

1

sEMG-Time-M&S

RANK ORDER

0

1

2

3

Total Subjects

0

9

18

12

Firing time between Right and Left Masseters
sEMG-Time-MR&L

PARAMETER

2

RANK ORDER

0

1

2

3

Total Subjects

3

7

8

21

Firing amplitude between Right and Left Masseters
sEMG-Amplitude-MR&L

PARAMETER

3

RANK ORDER

o

i

2

3

Total Subjects

3

7

16

13
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Table 4. Clinical assessment rank order results for parameters 1, 2 and 3.
PARAMETER

Timing between Masseters and Suprahyoids

1

Clinical-Time-M&S

RANK ORDER

0

1

2

3

Total Subjects

0

13

12

14

PARAMETER

Firing time between Right and Left Masseters

2

Clinical-Time-MR&L

RANK ORDER

0

1

2

3

Total Subjects

9

5

4

21

PARAMETER

Firing contractibility between Right and Left Masseters

3

Clinical-Contractibility-MR&L

RANK ORDER

0

1

2

3

Total Subjects

9

5

5

20
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Table 5. Differences between the sEMG and clinical assessment rank order results for
Parameters 1, 2 and 3
RANK

RANK

RANK

RANK

ORDER ORDER ORDER ORDER
1

2

3

0

9

18

12

0

13

12

14

3

7

8

21

9

5

4

21

3

7

16

13

9

5

5

20

0

PARAMETER 1
Timing between Masseters and
Suprahyoids

sEMG
Results

sEMG-Time-M&S. VS.
Clinical-Time-M&S
THE DIFFERENCES
PARAMETER 2
Firing time between Right

Clinical
Results

sEMG
Results

and Left Masseters
sEMG-Time-MR&L VS.
Clinical-Time-MR&L
THE DIFFERENCES
PARAMETER 3
Firing contractibility between Right

Clinical
Results

sEMG
Results

and Left Masseters
sEMG-Amplitude-MR&L VS.
Clinical-Contractibility-MR&L

Clinical
Results

THE DIFFERENCES
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The prevalence of swallowing dysfunction among the 39 subjects was 69.23%
with 27 of the 39 subjects displaying signs of a dysfunctional swallow. Eighteen subjects
exhibited premature firing of the suprahyoids prior to the activation of the masseter
muscles. Nine subjects were shown to have dysfunction in either the right or left
masseter, which was illustrated by the right or left masseter not firing, and 20 subjects
were observed to have an increase in the peak amplitude of the suprahyoid muscles in
comparison to the peak amplitude of the masseter muscles.
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CHAPTER FIVE
DISCUSSION

The anticipated ability of the sEMG module to recognize a dysfunctional swallow
more often than did the clinical analysis was unsupported. Despite this outcome, the use
of the sEMG module to recognize a dysfunctional swallow was supported because no
statistically, significant differences emerged between the sEMG module and the clinical
analysis. The use of the sEMG module in detecting a dysfunctional swallow is thus
validated since both methods detected OMD with equal effectiveness.
The sEMG module provides additional information to the practitioner such as
details regarding (a) muscle fatigue, (b) muscle amplitude/contractibility, (c) specifics on
the onset, peak, and offset of muscle recruitment, and (d) the consistency of muscle
swallowing patterns between successive swallows.
The onset of muscle activation between the masseter and the suprahyoid muscles
during swallowing was easily observed using the sEMG muscle patterns. The graphic
representation of muscle activation/onset proved to detect OMD more frequently than did
the corresponding clinical evaluation. Clinically, by means of tactile sensation, 12 of the
39 subjects were observed to have premature activation of the suprahyoid muscles prior
to the activation of the masseter muscles. In contrast, 18 of the subjects’ graphic sEMG
muscle pattern recordings exhibited premature activation of the suprahyoid muscles
during swallowing. The differences noted were due to the ease of interpretation of a
visual illustration of muscle function versus a tactile interpretation of muscle function.
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The onset of muscle activation during swallowing is more readily detectable using the
sEMG muscle pattern recordings because of the visual portrayal of the onset of muscle
activation between the suprahyoid and masseter muscles. If the masseter muscles’ onset
of activation is in close succession to the onset of activation of the suprahyoid muscles, it
is extremely difficult to discern via tactile sensation which muscle is initially active at the
onset of a swallow. The premature activation of the suprahyoids may go unnoticed due to
the muscular contraction of the masseter muscles that are firing in close succession.
As well, there was dissimilarity between the clinical and sEMG assessments in
predicting if the masseter muscles were indeed recruited and active during swallowing.
The clinical assessment noted that 9 of the 39 subjects displayed inactive masseter
muscles on swallowing. In contrast, the sEMG assessment showed that only 3 of the 39
subjects had inactive masseter muscles during an active swallow. These differences were
due to the ability of the sEMG module to detect weak muscular patterns of the masseter
muscles that were not clinically detectable by means of digital palpation. The clinical
assessment ranked these subjects as having dysfunctional masseter muscles that were
inactive during the swallowing phase. The premature activation of the suprahyoids at the
onset of swallowing, as well as their hyperactivity during the active phase of swallowing.
makes it difficult to detect weak muscular patterns of the masseter muscles via digital
palpation. The graphic representation of each muscle’s activation phase allowed us to
make a reliable determination on whether the masseter muscles were firing. This outcome
is illustrated in Figure 7. Clinically, this is significant because it allows the practitioner
to assess if the subject’s masseter muscles are being recruited during the swallowing
phase and helps the practitioner determine if strengthening the masseter muscles during
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swallowing may improve the OMD. Figure 8 illustrates dysfunctional masseter muscles
during swallowing when neither muscle is firing.
The added information provided by means of the sEMG’s visual illustration of the
muscular patterns of the suprahyoid and masseter muscles during an active swallow
appears clinically to be a valuable resource when diagnosing and treating a dysfunctional
swallowing pattern. The sEMG module seems to have the ability to discriminate between
the muscles of mastication during swallowing and appears to illustrate an accurate
depiction of the onset of muscular activation, the degree of muscular involvement, as
well as the offset of muscular activation. It allows the practitioner to make an objective
analysis of the subject’s swallowing pattern rather than a subjective analysis, which is
evident in a clinical analysis due to the subjective nature between examiners. The sEMG
muscle pattern illustrations offer practitioners a degree of calibration amongst examiners
that is difficult to attain by means of muscular palpation.
Furthermore, the sEMG muscle pattern recordings aid the practitioner in treating a
swallowing dysfunction that may be present. The recordings may be used as a teaching
tool, by means of biofeedback, to correct the swallowing dysfunction and assist in patient
awareness.
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FIGURE 7. sEMG recording, portraying weak left and right masseter muscles.
It would be difficult to digitally palpate the masseter muscle activity here, due to the
hyperactivity of the suprahyoid muscles and their premature onset during swallowing.
The sEMG muscle recording depicts the activation of the suprahyoid muscles the grey
line prior to right and left masseter muscle involvement/activation.
The red line corresponds to the right masseter muscle and is illustrated here as resting at
base line prior to its activation during swallowing. The black line corresponds to the left
masseter muscle and is illustrated here as resting at base line prior to its activation during
swallowing. The grey line with the interposed yellow highlighted area corresponds to the
suprahyoid muscle group; it is evident here that the suprahyoids are initially hyperactive
prior to and during swallowing. During swallowing, both the right and left masseter
muscles fire concurrently in a coordinated sequence to the same peak amplitude. Both
right and left masseter muscles also discharge at the same time. During swallowing the
suprahyoid muscles fire prior to activation by the masseter muscles, which are
represented by the grey line, which fires (increases in amplitude) prior to both the red and
black lines (corresponding to both right and left masseter muscles). The suprahyoids
muscles are hyperactive during swallowing, which is evident by the yellow highlighted
area as well as by the peak amplitude of the suprahyoids, which is greater than that of the
masseters.
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FIGURE 8. sEMG muscle recording, portraying left and right masseter
muscles that are inactive during swallowing.
The left and right masseter muscles are not recruited and are inactive during
swallowing.
The red line corresponds to the right masseter muscle and is illustrated here as
resting at base line and inactive during swallowing, The black line
corresponds to the left masseter muscle and is illustrated here as resting at
base line and inactive during swallowing. The grey line with the interposed
yellow highlighted area corresponds to the suprahyoid muscle group; it is
evident here that the suprahyoids are initially hyperactive prior to and during
swallowing. The suprahyoids are the only muscle group active during
swallowing, which is illustrated by the increase in amplitude of the suprahyoid
muscles at 40 seconds.

The information that is made available to the practitioner is essential in
establishing an accurate diagnosis of which muscles are substandard during swallowing.
This diagnostic information contained in the sEMG muscle recordings is important in
order to develop a plan to improve muscle coordination between the masseter and
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suprahyoid muscles. Additionally, the sEMG recording provides documentation of how
the patient presented and can be referred to during future appointments more reliably than
can a clinical, subjective analysis that has been recorded on the patient chart.
To better treat our patients, further research regarding the etiology of an OMD,
the detrimental effects of OMD, and the diagnosis and correction of OMD is essential. In
addition, with an OMD prevalence of 70 percent as represented by the sample, it is
recommended that every clinician should possess a basic knowledge on the subject of
OMD, and a routine screening should be carried out on every patient during the exam
process.
Recommendations for Future Studies
The augmentation of additional patient records such as patient photos, lateral
cephalograms, rhinometry, and CBCT to our data base of sEMG swallowing assessments
could help in establishing possible correlation between patients’ malocclusion, airway
resistance and head posture and their individual swallowing pattern.
Increasing the sample size and the addition of extra sEMG leads (which would
allow us to include the temporalis muscles), would assist us in further validating the use
of sEMG in evaluating a patient’s swallowing pattern.
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CHAPTER SIX
SUMMARY

Conclusions
1. There was no statistically significant difference between the sEMG analysis and the
clinical analysis in recognizing a dysfunctional swallowing pattern.
2. An sEMG assessment of a patient’s swallowing pattern appears to be clinically
significant, because of the additional information made available to the practitioner via a
graphic representation of the patient’s muscular patterns.
3. Approximately 70 percent of the orthodontic patient population at Loma Linda
University, as represented by this sample, present with OMD.
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